Aim: To determine the perceived public concerns on the introduction of maize related agrobiotechnology including genetically modified (GM) maize in Kenya specifically with regard to biosafety, public health and religious ethics. Study Design: Household survey. Place and Duration of Study: A small scale maize growing area in Githunguri Ward (Kiambu County), a large maize growing area in Moiben Ward (Uasin Gishu County) and a maize consuming area in Umoja 1 urban residential area in the City of Nairobi, from September to October 2015. Results: Most of the respondents were concerned about:-a) the likely contamination of conventional crops through cross pollination b) the likely harmful effects of biotechnology on valuable insects, c) the fear of unclear health implications including human sickness and death, and d) the inevitable interference with God's creation of ordinary crops thus undermining God. Conclusion: There is significant public fear and concern on the introduction of GM crops in Kenya hence the need for increased public education and awareness. Mbugua-Gitonga et al.; JABB, 9(3): 1-13, 2016; Article no.JABB.28794 2
INTRODUCTION
The world population is expected to grow from 7.3 billion to 9.7 billion in year 2050 according to recent forecasts by the United Nations [1] . More than half of the expected growth will occur in Africa, where the population is set to double to 2.5 billion from about 1,218,676,470 in 2016. This projected growth makes food security as one of the most important social issue in the continent for the next 30 years especially in relation to Sustainable Development Goal 2 (SDG-2) of ensuring no hunger, achieving food security and promoting improved nutrition and sustainable agriculture.
In Kenya, the population is expected to double by the year 2050 from about 47 million in 2016 [2] . Consequently, there is a need to increase food production by more than double in order for the country to be food secure. There are numerous ways by which food productivity can be increased in a sustainable way. This includes expansion of food production in arid areas through irrigation. In recent years, biotechnology has also increasingly been considered as a suitable option for this challenge. Currently tissue culture is applied in many countries including Kenya for rapid multiplication of planting materials for vegetatively propagated crops such as coffee, banana, pineapple and root crops [3] . However, only a few countries have adopted GM technology for improved crop production.
The application of biotechnology in food production has generated a wide range of public concerns around the world. A study by [4] , for example, established that food consumer organizations, environmentalists and civil society are concerned about GM food on the grounds of food safety, environmental impacts and religious ethics. Based on these concerns, it is likely that inadequate public confidence on the use of biotechnology for sustainable food production may derail the potential socio-economic benefits of the technology as already indicated by [5] . It is therefore necessary for scientific research to determine the level of education and awareness, public perception and concerns on biotechnology products including GM food in order to identify the key areas of negative myth and misconception and address them in an effective and acceptable way especially for the key food crops.
Maize is the staple food crop in Kenya which plays a great role in food security with the overall consumption estimated at 98-125 kilograms per person per year which translates to about 2700 thousand metric tonnes annually [6, 7] . According to [6] , maize accounts for 59 and 38% of the staple carbohydrate consumption among 20% of the poorest and richest households, respectively in Kenya and is the dominant staple food among the urban poor. Despite this, the maize demand in the country appears to be outstripping the supply [7] . According to [7] , maize production in 2008 was, for instance, about 26 million bags or 2.4 million metric tonnes against a national demand of 34 million bags or 3.1 million tonnes. Similarly, the [8] recently established that the average national maize production in Kenya was 1.56mt/ha in the 2013/2014 cropping year, compared to 9.93mt/ha in the USA for the same year. With the country's population projected to reach 43.1 million bags by 2020, the maize demand in Kenya is likely to rise to 5 million metric tonnes in the near future. Based on these estimates, it is likely that the country could experience a significant maize deficit of up to 1.2 million metric tonnes by 2020 [7] .
According to [9] , genetic modification (GM) technology can contribute significantly towards the world food security challenges in the world through higher crop yields through the genetic design of hardier and better crop varieties that can withstand drought and disease. The technology might also ensure the production of more nutritional and longer shelf life food crops. According to the International Service for the Acquisition of Agri-biotech Applications (ISAAA), upto 27 transgenic crops are currently cultivated commercially in the world [3] . These crops have been adopted in 28 countries with a record of 181.5 million hectares of GM crops grown in 2014. Some of the leading countries in this line of food production are USA, Brazil, Argentina, India, Canada, China, Paraguay and Pakistan [3] . The leading crops are soybeans, maize, cotton and canola. Transgenic maize is grown commercially by 17 countries which accounts for 30% of the total acreage under maize production in the world [3] . However, although over 20 countries are growing commercial GM crops in the developing world, only 3 countries in Africa are involved, namely, South Africa, Burkina Faso and Sudan (Clive 2014). However, 11 African countries including Kenya are conducting confined field trials (CFTs) and testing various GM crops.
Currently, there is considerable concern and uncertainty on the impact of biotechnology on both human and environmental health around the world. A lot of negative myth and misinformation exists on the production and consumption of biotech crops especially the GMs. Consequently, many world governments have been extremely careful on the matter. Most governments in the European Union (EU) family of nations have adopted a very critical stand on GM crops and their consumption. Elsewhere, a national survey in Australia found that 89% of respondents believed that genetically engineered tomatoes should be labeled for public awareness [10] . In North America, societies in both the USA and Canada have demonstrated a more acceptive attitude [11] . However, a survey by [12] showed that average consumers in the region are less likely to consume food that is labeled as GM.
In 2000, the Cartagena Protocol on biosafety was launched in order to address the negative impacts of biotechnology on society and environment. The aim of the Protocol was to increase public confidence on biotechnology introductions and product marketing [13] . The Protocol seeks to provide public and private sectors in biotechnology including GM crop production with a commercially valuable legal right to import, introduce, transport, or develop genetically modified organisms (GMOs). The Cartagena Protocol has been subject to considerable controversy especially among the OECD countries particularly between the EU and the USA particularly over the issues of free trade which can create biological insecurity [13] . Consequently, although the USA has been a lead champion on the introduction of GMOs in the world, it has remained a non-party to the protocol just like in the case of the Kyoto Protocol on greenhouse emissions and climate change.
The role of biotechnology in mitigating the runaway maize demand in Kenya might eventually be inevitable in the long run. Currently the Government of Kenya is investing in research, development and capacity building in modern biotechnology with on-going projects on five crops under CFT, namely, cotton, corn, cassava, sorghum and sweet potatoes. However, in order for any alternative food technology to be introduced and successfully adopted in any country, its acceptance by the society is necessary. In this regard, many studies have been undertaken to gauge the level of consumer acceptance for GM foods in the developed countries [14] but such studies are limited in SubSaharan Africa [15] . This research gap must be addressed because public confidence is a critical factor in the adoption of biotechnology in the developing countries as emphasized by [16] . It is therefore important to gauge and understand the society's perspective specifically on the application of biotechnology in boosting maize production in Kenya in order to establish the degree of public willingness to embrace this as a solution to the problem of food insecurity. This matter is usually revolving among the upstream experts, technocrats and scientists without adequate participation and consideration of the public views in the downstream. However, if scientists can identify the fears which people have towards biotechnology including GM food products it will then be easier to demystify such concerns using the available scientific evidence.
The specific objectives of this study were therefore to: -a) determine whether the public have any environmental concerns on the implications of GM maize on national biodiversity conservation and biosafety in Kenya, b) assess whether the public have any public health concerns on the introduction of maize related agro biotech, and c) establish whether the public have any religious concerns on the introduction of such production technology.
METHODOLOGY
The study was conducted in three areas including:-a) a large scale maize production zone in Moiben within Uasin Gishu County, b) a small scale maize production area in Githunguri within the Kiambu County and c) a maize consumption area in Umoja I urban residential estate in the Nairobi City County. Uasin Gishu County (2,955.3 km 2 ) is located in the Rift Valley region (34'5''E, 35'3''W; 0'0''S, 0'5''N) with Eldoret as the largest town and also the county's administrative and commercial hub (Fig. 1) . The county generally lies between 1,500 and 2,700 m above sea level and shares common borders with Trans Nzoia County to the North, Elgeyo Marakwet County to the East, Baringo County to the South East, Kericho County to the South, Nandi County to the South West and Kakamega County to the North West [17] . The county is one of the key large scale maize growing areas in Kenya with average farm size at 2-10 acres and upto 224,890 acres under maize cultivation. The Uasin Gishu County together with Transnzoia are considered as the bread-basket of Kenya [17] . The study was restricted to the Moiben SubCounty which located in the northern part of the County (Fig. 1) . According to the 2009 national census, christians accounts for 82.9% of the population in Kenya while muslims account for 11.9%. The other religions including traditionalist, hindus, sikhs, and bahais account for the remaining population.
Kiambu County (2,543.5 km 2 ) is located in the central region of Kenya (1° 10' 0" S, 36° 50' 0" E) and generally lies between 1,200 and 2,500 m above sea level. It borders the Counties of Nairobi and Kajiado to the South, Machakos to the East, Murang'a to the North and North East, Nyandarua to the North West, and Nakuru to the West [18] . The county is one of the high agricultural potential and high population density areas in Kenya with the average farm size below 2 acres. The key crops which are grown in the county include tea, coffee, maize, beans and potatoes. Maize growing in the area is largely for subsistence use. The study was conducted in the Githunguri Sub-County which is a small scale land tenure zone (Fig. 2) .
Fig. 1. Map of Uasin Gishu County

Study site
Nairobi City County (700 km 2 ) is located at the edge of the central and rift valley regions of Kenya (1° 17' 31.438" S 36° 49' 19.006" E) and borders Kiambu County to the North and West, Kajiado to the South and Machakos to the East (Nairobi City County 2014). The City of Nairobi lies at an altitude of 1,798 metres above sea level. Maize is the primary staple food in Nairobi in terms of the kilograms consumed per adult equivalent. [6] established that up to 97% of the middle income people in Nairobi used maize related products (maize meal, dry grain or green maize) on regular basis. Nairobi has several subcounties including Embakasi where the study was undertaken within the Umoja Residential Estate which is a middle income residential area (Fig. 3) .
Data collection was undertaken by the use of a semi-structured questionnaire administered through informed adult consent with the household as the basic sampling unit. The standard questionnaire was structured in accordance with the Likert Scale whereby the respondents were offered a choice of five precoded responses with the neutral point being neither agree nor disagree [20] . The questionnaire was structured to enable the assessment of the level of public acceptance and public views on maize related biotechnology including GM maize in relation to biodiversity conservation and biosafety, public health and religious ethics. A total of 120 respondents were considered including 30 large scale maize producing households in Moiben, 30 small scale maize producing households in Githunguri and 60 maize consuming households in Umoja. The stratified sampling strategy was used in the identification of households. The identification of target households was done using the framework used during the 2009 national population census with interviews conducted along key roadways by purposely considering every 5 th household in the rural areas (Moiben and Githunguri) and every 10th household in the urban area (Umoja). All the data was electronically captures using CSPro software after which it was exported to SPSS version 20 for ease of data cleaning and analysis. The data analysis was undertaken using descriptive statistics means, frequencies, and standard deviation. Inferential statistical analysis was undertaken using the Mann Whitney U test to analyze perception differences between the three household survey clusters, namely large scale maize producers, small scale maize producers and maize consumers. Table 1 shows the respondent characteristics in the three study sites. The respondents consisted of 59.2% males and 40.8% females with proportion of aged and less educated respondents in the rural sites and a higher proportion of younger and more educated respondents in the urban site. The difference was probably due to the higher cost of living in the urban area which favours young, energetic and well educated people. In old age, most urban residents in Kenya usually retire and go back to RESULTS AND DISCUSSION Table 1 shows the respondent characteristics in The respondents consisted of 59.2% males and 40.8% females with a higher proportion of aged and less educated respondents in the rural sites and a higher proportion of younger and more educated
RESULTS AND DISCUSSION
The difference was probably due to the higher cost of living in ung, energetic and well educated people. In old age, most urban residents in Kenya usually retire and go back to their rural homes where most practice both subsistence and commercial agriculture.
Biotechnology and Biosafety
The respondents were asked to rank the extent by which they agreed or disagreed on whether the introduction of GM maize in Kenya would affect the environment especially with regard to biodiversity conservation and biosafety. The overall results indicated that 7 respondents were worried that the introduction of GM maize would contaminate the conventional their rural homes where most practice both subsistence and commercial agriculture.
espondents were asked to rank the extent by which they agreed or disagreed on whether the introduction of GM maize in Kenya would affect the environment especially with regard to biodiversity conservation and biosafety. The overall results indicated that 76% of the respondents were worried that the introduction of GM maize would contaminate the conventional 20%  45%  23%  8%  3%  %  53%  47%  --25%  75% crops through uncontrollable cross-pollination and also cause serious harm to insects in the wild within the farming environments. However, only 37% of the respondents feared that biotechnology would have adverse effects on the wildlife. The findings are shown in Fig. 4 .
Umoja 1 60
In terms of the comparative analysis for the three respondent clusters, it was established that up to 83% of the maize consumers, despite their location in urban areas, were worried that the introduction of the GM maize would accidentally invade the entire environment and contaminate conventional maize. This fear was 10-20% higher compared to the 73% and 63%, respectively, of the small scale and large scale farmers, respectively, who had similar concern (Fig. 5) . Similarly, 73% of the maize consumers feared that the introduction of GM maize would negatively affect the insects in the environment compared to 63% and 40%, respectively for the large scale and small scale famers. With regard to the potential risk for wildlife, only 40% of both the maize consumers and small scale maize farmers were concerned compared to 27% for the large scale maize farmers (Fig. 5) . The comparative analysis among the three household clusters indicated a higher level of concern on the potential biodiversity conservation and biosafety risks among the maize consumers followed by the small scale maize farmers while the large scale farmers had lower but significant concern. Table 2 above shows the results of the Mann Whitney U test on comparative analysis on the null hypothesis that the introduction of GM maize may have adverse effects on wildlife and the environment. The difference in public perception among the maize growers and maize consumers was not significant (Table 2 above). The test result therefore indicated a unanimous agreement among the society about the common public concern that the introduction of GM maize might have adverse effects on wildlife and the environment.
The public views on the potential risks of biotechnology on biodiversity conservation and biosafety are commensurate with the views of some of the environmental organizations in the world. Over the years, there has been concern, for example, on the coexistence of neighbouring GM and non-GM crops, including organic cultures. This is due to the potential risk of conventional and organic farms getting contaminated with GM traits through crosspollination by wind and insects from neighboring GM fields or GM seed blown from trucks along nearby roadways. According to the WHO, the consequences of outcrossing can be expected in regions where a GM crop has a sympatric distribution and synchronized flowering period that is highly compatible with a weedy or wild relative species, as demonstrated for rice [21] . Another fear is associated with the likely introduction of Gene Use Restriction Technologies (GuRTs) such as the "Terminator" technologies aimed at creating sterile plants. The Canadian ETC group, for example, has raised concern that the GuRTs would deny farmers in the developing regions their ancient right to save and exchange seeds from previous harvests [22] .
The higher level of concern on the potential biodiversity conservation and biosafety risks among the younger and more educated respondents among the urban maize consumers differed from the findings of a similar study in Tanzania [23] . The Tanzania survey showed that the young generation (18-35 years) was more negative to GMOs compared to the older groups. More than 23% of respondents in the young generation visualized GMOs as advantageous while about 32% had a negative opinion [23] . Respondents at advanced age 36-50 years had a positive opinion over the GMOs although the oldest respondents (>50 years) did not support the introduction of GMOs.
Biotechnology and Public Health
The overall finding in the survey showed that 55% of the respondents in the survey feared that the consumption of GM maize was likely to cause human sickness and death (Fig. 6 ). Only 32% of the respondents felt that GM maize is reasonably safe for human consumption. Consequently, up to 90% of the respondents indicated the need for the clear labeling in order to allow freedom of choice. However, 50% of the surveyed respondents felt that GM maize could have various benefits, especially in terms of higher nutritional value. The comparative analysis for the three respondent clusters revealed a consensus in terms of the need for the labeling of all foods containing GM ingredients but the desire for this was highest among the maize consumers (93%) followed by the small scale growers (90%) and then the large scale growers (83%) as shown in Fig. 7 . Despite this view, 62% of maize consumers believed that GM maize might eventually have higher nutritional value compared to 53% of the small scale maize farming households in Githunguri and 23% for the large scale maize farming households in Moiben.
The comparative analysis among the three household clusters indicated that both the small scale and large growers were skeptical about the safety of GM maize. Table 3 shows the results of the comparative Mann Whitney U test on the null hypothesis that GM maize might not lead to human sickness and death. The results showed that the difference in public perception was not statistically significant (Table 3 ). This indicated that there is unanimous agreement among the society about the common public fear that GM maize might lead to human sickness and death. GM maize will interfere with God's creation of ordinary crops-undermining God GM foods are reasonably safe for human consumption GM foods will benefit society because it has better nutritional value GM maize might lead to human sickness and death
Food labels are needed to show the presence of biotech ingredients, since consumers might face unknown health risks Umoja 1 Githunguri Moiben The findings of the study were similar to the study by [24] on genetically modified bananas in Uganda where a consumer perception survey established a high health risk perception with significant public concern over the likely longterm effects of GM food on health safety. However, the findings of other studies are not similar. A survey conducted by [25] , for example, showed that only 28% of the respondents in Turkey had fear that GM foods would pose serious health hazards to consumers with 37% of the respondents indicating that GMOs would not pose any serious health hazard [25] . In the Nordic countries (Denmark, Finland, Norway and Sweden), the proportion of respondents who had serious fear that GM foods are "extremely risky" was 33.7% which was slightly higher than the Turkish respondents [25] . In the USA, up to 53% of the respondents had no fear that GM foods are likely to pose any serious hazard. The desire by up to 93% of the respondents in Kenya that the labeling of GM maize is necessary especially for consumers was similar to the findings of a survey in the USA where a 10-year survey showed that 91% of the respondents indicated that it would be very important to label GM products. In Taiwan, 94% of the respondents required the labeling of GM products before marketing approval was granted [26] .
At the moment, no scientific findings have established acute toxic effects in humans or animals as a result of consuming GM products. However, laboratory tests in Russia have recorded negative health effects including death on rats fed on GM soya [27] . One of emerging concerns with GM products is the likely increase in antibiotic resistance because genetic engineers usually include antibiotic resistance genes nearly in every genetic engineered organism [28] .
Biotechnology and Religious Ethics
The findings established that majority of the respondents believed that the introduction of GM maize would interfere with God's creation of ordinary crops thereby undermining God as the Creator of the universe and of all the crops in the world as highlighted in the Holy Bible. Up to 49% of the respondents were concerned about this issue while 46% were not (Fig. 6) . The comparative analysis among the three household clusters showed that the large-scale growers in Moiben were the most concerned about the inappropriate religious ethics associated with the introduction of GM maize although they probably stand to be the highest beneficiaries. Up to 67% of the respondents in this cluster, compared to 23% of the respondents in the small scale maize growers' cluster, had a strong opinion that GM maize would interfere with God's creation of ordinary crops thus undermining God. In the case of the maize consumers, 53% of the respondents were similarly concerned about the inappropriate religious ethics associated with the GM technology. Table 4 shows the results of the comparative Mann Whitney U test on the null hypothesis that GM maize that GM maize will not interfere with God's creation of ordinary cropsundermining God. The results indicated that the difference in public perception on this biotechnology concern was significant. This was contrary to the pattern in the other two potential areas of public concerns as explained above and highlighted in Table 2 and Table 3 . It is not clear why there was such a huge difference in public opinion on the introduction of GM maize and religious ethics between the large scale maize farmers and the small scale farmers. However, a similar study was undertaken using a cross section of religions to assess public perception on ethical aspects of biotech rice production in the Klang Valley region of Malaysia established fairly different views. Most of the respondents were not worried about the ethical implications of the transfer of a carrot gene to the modified rice which was considered as religiously acceptable [29] . In the UK, [30] assessed public perceptions of genetically modified food using a national sample of 1,547 respondents aged above 15 years and established that 87% were more concerned about the health risks with only 19% considering religious ethics as an important concern. In comparison, the concerns on human health were higher in the UK compared to Kenya where the respondents had a much higher concern on religious ethics (49%) [31] .
CONCLUSION AND RECOMMENDA-TIONS
The findings indicate unanimous public concern among the society about the likely adverse environmental effects of biotechnology including the cultivation of GM maize. The society is worried that the introduction of the GM maize would contaminate the conventional crops through uncontrollable cross-pollination and is also likely to cause serious harm to the insects in the wild. However, there is less concern on the effects of biotechnology on wildlife. Similarly, the findings showed that majority of the people have fear that the consumption of GM maize is likely to cause human sickness and death with unanimous consensus on the need for the labeling of all the food products containing GM ingredients. At the moment, there is no evidence in the scientific domain to proof that the above hazards have occurred in the leading biotechnology nations such as USA, Brazil, Argentina, India, Canada, China, Paraguay and Pakistan. Similarly, there is no scientific evidence of acute toxic effects in humans or animals as a result of consuming GM products except for a few laboratory tests which have indicated negative health effects on rats. The public concerns on the potential negative health impacts of biotechnology and GM food can be considered as mythical fears which are attributed to inadequate awareness, public ignorance and mis-information on biotechnology. This might also stem from inadequate scientific knowledge on the environmental impacts of biotechnology in the world with most of the studies so far having been conducted in the developed world which also controls the technology. On the overall, there is also a strong indication that the introduction of GM maize in Kenya like in other parts of the world could result in some resistance from some religious circles just like other similar controversies such as gay marriage.
On the issue of biotechnology and religious ethics, the results indicate that there is significant difference in public opinion. The difference in public opinion between the large scale maize farmers and the small scale farmers is not clear. However, it might be attributed to the differences in respondent characteristics especially in terms of age and level of education. The large scale household cluster in Moiben was dominated by more aged (45-65+) and less educated respondents who are likely to be more religious compared to the small scale farmers and urban residents in Githunguri and Nairobi.
Based on the findings of this study, it is recommended that, there is need for concerted effort by the government through the National Biosafety Authority (NBA) to ensure adequate public awareness in order to allay public fear and mis-information on biotechnology. Further research is required in the following areas: a) Contamination of traditional crops through accidental cross fertilization with biotech crops including the identification of the minimum distance for non-cross pollination. b) Impact of cultivating biotech crops on insect biodiversity. c) Potential long-term effects of consuming genetically modified foods.
